At concentrations of up to 300 ,ug/ml both D-threo-and Lthreo-chloramphenicol act as energy transfer inhibitors in spinach chloroplasts, in that they inhibit both phosphorylation and phosphorylating electron transport, without affecting the nonphosphorylating electron transport which occurs either in the absence of a phosphate acceptor or in the presence of the uncoupler ammonium chloride. At higher concentrations, there appears to be an additional site of chloramphenicol inhibition of electron transport. If D-threo-chloramphenicol is to be used as a protein synthesis inhibitor in intact chloroplasts or tissues, control experiments with another chloramphenicol isomer seem to be necessary.
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Although D-threo-chloramphenicol is an effective inhibitor of protein synthesis on the 70S ribosomes of chloroplasts (7) , it is also known to inhibit ion uptake by plant tissues (6, 14, 17) and to inhibit both ion uptake and oxidative phosphorylation by the isolated mitochondria of etiolated maize shoots (10, 11, 16) . However, of the four stereoisomers of chloramphenicol, only the D-threo isomer inhibits protein synthesis on the 70S ribosomes of chloroplasts (7), while the inhibition of ion uptake and oxidative phosphorylation is not confined to this isomer (6, 11) . In 1966 Hanson and Krueger (11) proposed that D-threo-chloramphenicol might be used as an inhibitor of protein synthesis on 70S ribosomes if control experiments were carried out with the L-threo isomer. Such an approach has been used with some success in our laboratory in the study of chloroplast development (3, 8, 12) . However, for the interpretation of the results, it has proved necessary to determine the effects of the D-threo and L-threo isomers of chloramphenicol on the photosynthetic electron transport and on the photophosphorylation of isolated chloroplasts.
MATERIALS AND METHODS
Spinach was obtained from Covent Garden market and was used for the preparation of "type A complete chloroplasts" (9) by the method of Reeves and Hall (15) . For 'To whom correspondence should be addressed. tron transport and photophosphorylation these chloroplasts were osmotically shocked in the oxygen electrode chamber to give "type C broken chloroplasts" (9) . Noncyclic electron transport was measured as oxygen evolution on a Rank Bros. (Cambridge) oxygen electrode (5), with ferricyanide as electron acceptor and water as electron donor, as described in Figure 1 (15) . Photophosphorylation was determined by analysis of ATP in the same reaction mixture. In this case 5 jumoles of ADP were added before the light was turned on, and the reaction was stopped by the addition of 10 jumoles of NH4Cl after 2 min. One ml of the reaction mixture was quickly transferred to 4 ml of ice-cold 0.6 N perchloric acid in a centrifuge tube, and after centrifugation the ATP in the supernatant was assayed enzymically with a Boehringer test kit (1 Figure 1 shows oxygen electrode traces from a typical experiment in which noncyclic electron transport was measured. The terminology used for the various states of electron transport follows that described by Chance and Williams (4) for mitochondria and adapted for chloroplasts by West and Wiskich (19) . State 2 is the nonphosphorylating state which was set up by switching the light on in the presence of an electron acceptor and inorganic phosphate, but with no added phosphate acceptor. Phosphorylation (state 3) commenced on the addition of 250 nmoles of ADP but the ADP was rapidly consumed so that the ADP-depleted rate of electron transport (state 4) was found. State 4 is thought to be lower than state 2 as a result of the ATP inhibition of electron transport (15) . Addition of NHC1 then gave the uncoupled rate of electron transport. In the experiment shown in Figure 1 , in which Dthreo-and L-threo-chloramphenicol concentrations of 300 ,ag/ml were used, both isomers inhibited state 2 electron transport to a small extent and state 3 to a substantial extent. Neither isomer showed any appreciable effect on state 4 or uncoupled electron transport. Figure 2 shows the effects of a range of chloramphenicol concentrations on electron transport and phosphorylation. Up to a concentration of about 300 FiLg/ml both isomers of chloramphenicol act as energy transfer inhibitors according to the terminology of Izawa and Good (13) . An energy transfer inhibitor prevents both phosphorylation and phosphorylating electron transport but does not affect nonphosphorylating electron transport. Thus any inhibition of electron transport caused by an energy transfer inhibitor is relieved by uncouplers which WARA-ASWAPATI AND BRADBEER act at reaction steps preceding the inhibition site. The effects of the lower concentrations of chloramphenicol were very similar to the results reported for phlorizin, in that state 3 electron transport and photophosphorylation were equally inhibited but when the chloroplasts were uncoupled no inhibition was seen. However, at concentrations above 300 ,tg/ml, chloramphenicol inhibited electron transport in states 2, 3, and 4 as well as in uncoupled electron transport and photophosphorylation. This suggests that inhibition may occur at more than one site under these conditions. Figure 2 shows that the D-threo and L-threo isomers of chloramphenicol were more or less equally inhibitory, except perhaps in the case of the uncoupled electron transport where the L-threo isomer seems to have been slightly more inhibitory. In contrast, quantitative differences have been reported for the effects of all four chloramphenicol isomers on state 3 electron transport by tightly coupled turnip mitochondria (20) .
In earlier work, Hanson and Krueger (11) found that both isomers of chloramphenicol inhibited mitochondrial electron transport and oxidative phosphorylation, with the phosphorylation showing the greater inhibition. The conclusions reached by Hanson et al. (16) about the site of chloramphenicol inhibition of oxidative phosphorylation are consistent with our interpretation of the role of chloramphenicol as an energy transfer inhibitor in chloroplasts. Data recently published by Wilson and Moore (20) indicate that D-threo-chloramphenicol acts as an energy transfer inhibitor in turnip mitochondria at concentrations of up to 1600 ;Lg/ml, although these workers reached the conclusion that chloramphenicol is a potent inhibitor of electron transport but not of phosphorylation.
These effects of chloramphenicol occur over a range of con- (5 ,ul) centration similar to that in which it has been used as an inhibitor of protein synthesis on 70S ribosomes. In this laboratory, a D-threo-chloramphenicol concentration of 1000 ,ug/ml in intact bean leaves has been found to give almost complete inhibition of protein synthesis on the 70S ribosomes of the chloroplasts, while the same concentration of L-threo-chloramphenicol was without effect (3, 12) . In more recent work, we have routinely used a concentration of 250 4g/ml of the inhibitor, and in one set of experiments a D-threo-chloramphenicol concentration of only 66 ,ug/ml gave complete inhibition of the synthesis of ribulosediphosphate carboxylase (18) . The results reported in this paper underline the necessity for control experiments with another chloramphenicol isomer when D-threo-chloramphenicol is used as an inhibitor of protein synthesis in intact tissues or isolated plastids.
